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1  | INTRODUC TION
Until	 recently,	 selection	 has	 occurred	 at	 a	 relatively	 slow	 rate	 in	
cattle	 and	 has	 been	 largely	 passive,	 driven	 by	 adaptations	 to	 dis-
eases,	dietary	variation	and	 local	 climatic	patterns	 (Russell,	2007).	
After	 the	 domestication	 of	 cattle	 ~7,000–10,000	years	 ago	 (YA;	
Bruford,	 Bradley,	 &	 Luikart,	 2003),	 farmers	 started	 to	 artificially	
breed	animals	with	preferred	phenotypes,	although	it	was	not	until	
~200	YA	that	European	farmers	began	the	formation	of	closed	herds	










during	 the	 16th	 century,	 cattle	 populations	 expanded	 and	 spread	
throughout	the	Americas	(Villalobos	Cortés,	Martinez,	Vega-	Pla,	&	




featuring	 the	 predominance	 of	 Creole	 cattle,	 population	 declines	
started	with	the	 introduction	of	other	cattle	around	the	middle	of	
the	 19th	 century,	 better	 suited	 to	more	 intensive	 production	 and	
breeding	 systems	 (Willham,	 1982).	 The	 introduction	 of	 European	









is	 likely	 to	 lead	 to	 reductions	 in	 animal	 production	 and	welfare	 in	




were	 first	 to	 determine	 the	 contributions	 of	 different	 taurine	 and	
indicine	 ancestors	 on	 the	 genomic	make-	up	 of	 Creole	 cattle.	 Our	
second	 aim	was	 to	 infer	 the	demographic	 history	of	Creole	 cattle	
populations	by	combining	different	approaches	to	investigate	trends	
in	 effective	 populations	 size	 (Ne):	 approximate	Bayesian	 computa-
tion	 (ABC;	Wegmann,	Leuenberger,	Neuenschwander,	&	Excoffier,	




haplotype	 homozygosity	 tests	 (XP-	EHH;	 Sabeti	 et	al.,	 2007)	 and	
population	differentiation	(FST;	Wright,	1949).	To	tackle	these	ques-





2  | MATERIAL S AND METHODS
2.1 | Cattle populations and SNP array data
The	data	set	comprised	SNP	array	data	from	412	 individuals	geno-
typed	using	 the	 Illumina	BovineSNP50	array	versions	1	and	2,	and	
the	 Bovine	 High	 Density	 BeadChip	 (Bovine	 Hapmap	 et	al.,	 2009;	
Decker	et	al.,	2009,	2014;	Gautier,	Laloë,	&	Moazami-	Goudarzi,	2010;	
Upadhyay	 et	al.,	 2017;	 Supporting	 Information	 Table	S1).	 Twenty-	
nine	animals	were	newly	genotyped	using	the	Illumina	BovineSNP50	
version	2	and	Geneseek	Genomic	Profiler	Bovine	150k	(Supporting	
Information	Table	S1).	We	 included	 six	Creole	 populations	 adapted	
either	 to	 tropical	 humid	 (three	 Colombian	 breeds:	 Costeño	 con	
Cuernos,	 Romosinuano,	 San	 Martinero;	 a	 North	 American	 breed:	
Florida	Cracker;	and	a	Caribbean	breed	sampled	in	Brazil:	Senepol)	or	
dry	conditions	(Texas	Longhorn).	We	also	analysed	the	main	breeds	
comprising	 their	 putative	 Iberian	 ancestors:	 (i)	 six	 different	 Lidia	
lineages,	a	breed	 that	has	not	been	selected	 for	productivity	 traits	
and	may	be	the	most	representative	modern	descendent	of	Iberian	
cattle	herds	back	in	the	15th	century,	retaining	high	genetic	variabil-
ity	 among	 lineages;	 (ii)	Mostrenca,	 Retinta,	 Berrenda	 en	 Colorado,	
Cárdena	Andaluza	and	Pajuna	breeds,	distributed	throughout	central	
and	 southern	 Iberia;	 and	 (iii)	 Asturiana	 de	 los	 Valles	 and	Cachena,	
reflecting	the	northern	Iberian	genomic	pool.	The	remaining	breeds	
represent	a	hypothesized	African	taurine	influence	on	Creole	cattle	
(Baoule,	 Lagune,	 N’Dama,	 Somba;	 Miretti,	 Dunner,	 Naves,	 Contel,	
&	 Ferro,	 2004),	 representatives	 of	 commercial	 European	 stock	 in-











2.2 | Estimation of autosomal ancestry 
proportions and population divergence in 
Creole cattle
To	determine	the	relative	contribution	of	different	potential	taurine	
and	 indicine	 ancestors	 on	 the	 genomic	 structure	 of	Creole	 cattle,	
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population	 admixture	 analysis	was	 carried	 out	 using	 the	 software	
Admixture	v1.3	(Alexander,	Novembre,	&	Lange,	2009)	with	2,000	
bootstraps	 for	 eight	 population	 clusters	 (K),	 corresponding	 to	 the	
African	 (two	 clusters),	 Iberian,	 Angus,	 Shorthorn,	 Holstein	 and	





Multidimensional	 scaling	 (MDS)	 was	 implemented	 using	
Hamming	 distances	 across	 20	 dimensions	 using	 PLINK.	 The	 first	








data	was	 divided	 into	 four	 clusters:	 Col	 including	 all	 Colombian	
breeds	 (Costeño	 con	 Cuernos,	 Romosinuano,	 San	 Martinero),	
Senepol,	Texas	Longhorn	and	Iber	(for	all	Iberian	breeds).	Eight	al-
ternative	demographic	histories	were	modelled	based	on	historical	




and	 alternative	migration	 patterns	 representing	 restocking	 from	
Iberian	 populations	 (Figure	1).	 One	 million	 reverse	 coalescent	
simulations	were	generated	 for	 each	of	 the	eight	 scenarios	with	
Fastsimcoal2	 (Excoffier,	 Dupanloup,	 Huerta-	Sánchez,	 Sousa,	 &	
Foll,	 2013;	 Excoffier	&	 Foll,	 2011)	 using	 a	 pipeline	 implemented	
in	ABCtoolbox	(Wegmann	et	al.,	2010),	with	a	required	computa-
tion	 time	 of	 eight	 days	 per	 scenario	 splitting	 simulations	 in	 ~50	









density	 (MD)	and	posterior	probability	P-	values	 (i.e.,	 the	propor-
tion	of	simulations	 that	have	a	smaller	or	equal	 likelihood	to	 the	






To	examine	 the	most	 recent	 changes	 in	Ne,	 the	 software	SNeP	








tigate	 the	 rate	and	directionality	of	Ne	 changes	occurring	 in	 recent	
generations	 (Supporting	 Information	 Figure	S2).	 The	 slope	 of	 each	
segment	 linking	pairs	of	neighbouring	Ne	estimates	was	 first	calcu-
lated	 and	 then	 normalized	 using	 the	 median	 of	 the	 two	 most	 








We	 scanned	 for	 recently	 generated	 selection	 signatures	 to	
characterize	 differences	 observed	 between	 breeds	 that	 have	
remained	 in	 the	 Iberian	 Peninsula	 and	 those	 that	 colonized	
the	 Americas.	 Four	 Creole	 clusters	 were	 selected	 using	 the	
Admixture,	 MDS	 and	 neighbour-	net	 results,	 one	 group	 (Col)	
including	 the	 three	 Colombian	 breeds	 (Costeño	 con	 Cuernos,	
Romosinuano,	 San	Martinero)	 and	 three	 other	 breeds	 from	 the	
Americas,	Florida	Cracker,	Senepol	and	Texas	Longhorn.	All	pair-
wise	comparisons	were	analysed	between	these	four	Creole	clus-
ters	 and	 three	 Iberian	 clusters	 used	 as	 biological	 replicates:	 (i)	






merged	data	 set	of	 the	 four	groups	using	VCFtools	 and	 leaving	
15,375	SNPs.
Recent	 selective	 sweeps	were	 identified	 in	 the	Creole	popu-
lations	with	 the	 software	 Selscan	 1.1.0b	 (Szpiech	&	Hernandez,	
2014)	using	XP-	EHH	(Sabeti	et	al.,	2007)	with	the	IB1,	IB2	and	LID	
groups	 as	 references.	 The	maximum	 distance	 between	 adjacent	






breed	 validated	 with	 at	 least	 two	 Iberian	 clusters	 were	 merged	
regardless	 of	 the	 Iberian	 ancestral	 group	 to	 account	 for	 breed	
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on	both	sides.	As	XP-	EHH	searches	for	unusually	long	haplotypes,	
















breeds	 at	 candidate	 regions.	 We	 applied	 the	 LAMPANC	 method	
for	 inferring	 the	 locus-	specific	 ancestries	providing	 the	genotypes	
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sets	 included	 in	 genomic	 regions	 under	 selection	 in	 Colombian,	
Florida	 Cracker,	 Senepol	 and	 Texas	 Longhorn	 breeds	 using	 the	
Functional	 Annotation	 Cluster	 (FAC)	 tool	 from	 the	 Database	 for	
Annotation,	 Visualization	 and	 Integrated	 Discovery	 (DAVID)	 v6.8	
(Huang,	 Sherman,	 &	 Lempicki,	 2009)	 to	 determine	 significantly	
enriched	biological	 functions	 or	 processes	 positively	 selected	 in	 a	
breed	 using	 high	 stringency	 ease	 scores.	 KEGG	 pathway	 analyses	
were	 also	 performed	 in	DAVID	 to	map	 clusters	 of	 genes	 involved	
in	common	pathways.	In	addition,	the	Bovine	QTL	Animal	database	
(http://www.animalgenome.org)	 was	 used	 to	 identify	 any	 overlap	
with	quantitative	trait	loci	(QTL)	described	in	the	literature.
3  | RESULTS AND DISCUSSION
Tropical	 adaptation,	 that	 is	 the	ability	 to	 tolerate	heat	 stress,	high	
humidity,	 tropical	 diseases	 and	parasite	 infections	while	maintain-
ing	 standards	 of	 performance	 and	 reproduction,	 constitutes	 the	
most	 valuable	 asset	 of	 Creole	 cattle,	 assuring	 protein	 production	
within	its	region	and	providing	insights	into	genomic	and	physiologic	
mechanisms	selected	during	the	transition	to	a	tropical	environment.	









3.1 | Autosomal ancestry proportions and 
population divergence in Creole cattle breeds
Admixture	analysis	when	 the	number	of	 clusters	was	 set	 to	eight,	
depicting	 zebu,	 African	 (two	 clusters),	 Iberian,	 Angus,	 Shorthorn,	
Holstein	 and	 Jersey	 ancestry	 contributions	 to	 Creole	 popula-
tions	 ascribed	 the	 major	 genomic	 component	 to	 Iberian	 ancestry	
(0.76	±	0.06	SD),	 with	 minor	 influences	 from	 zebu	 and	 European	
commercial	breeds	(Table	1,	Figure	2),	in	concordance	with	previous	




in	 Senepol	 (0.15	±	0.02	SD)	 and	 Romosinuano	 (0.10	±	0.02	SD).	
Creole	 populations	 included	 in	 this	 study	were	 largely	 unaffected	
by	 the	 introduction	 of	 African	 taurine	 cattle	 into	 the	 Americas,	
which	reached	its	highest	proportion	in	the	San	Martinero	and	Texas	
Longhorn	 (0.05	±	0.01	SD	 ;	Table	1,	Figure	2).	This	 residual	African	
genomic	 component	may	be	 explained	by	 ancient	 introgression	 in	
the	 Iberian	 Peninsula	 and	 the	 Canary	 Islands	 (McTavish,	 Decker,	
Schnabel,	Taylor,	&	Hillis,	2013).
Multidimensional	scaling	allocated	~25%	and	~21%	of	the	vari-
ance	 to	 the	 first	 two	 axes,	 respectively,	 which	 separated	 taurine	










B. p. taurus 
Iberia
B. p. taurus 
commercial
B. p. taurus 
Africa B. p. indicus
Mean ± SD Mean ± SD Mean ± SD Mean ± SD
Costeño	con	
Cuernos
0.80	±	0.08 0.07	±	0.06 0.04	±	0.01 0.09	±	0.03
Florida	Cracker 0.60	±	0.03 0.36	±	0.07 0.01	±	0.01 0.03	±	0.02
Romosinuano 0.80	±	0.06 0.07	±	0.04 0.03	±	0.01 0.10	±	0.02
San	Martinero 0.86	±	0.06 0.04	±	0.03 0.05	±	0.01 0.06	±	0.04
Senepol 0.69	±	0.05 0.14	±	0.04 0.02	±	0.01 0.15	±	0.02
Texas	Longhorn 0.81	±	0.07 0.06	±	0.03 0.05	±	0.01 0.08	±	0.06
Mean 0.76	±	0.06 0.12	±	0.05 0.03	±	0.01 0.09	±	0.03
TABLE  1 Average	taurine	and	indicine	
ancestries	in	Creole	cattle	breeds
6  |     PITT eT al.
The	high	contributions	of	zebu	(15%)	and	European	commercial	
breeds	(14%)	with	minor	elements	of	African	taurine	ancestry	(2%)	














genomic	 pool.	 Finally,	 despite	 indicine	 introgression	 having	 been	







ABC	modelling	 was	 used	 to	 explore	 the	 recent	 demographic	 his-
tory	of	Creole	cattle	from	the	arrival	of	the	first	 individuals	to	the	
Americas	at	the	end	of	the	15th	century	to	present.	Thirteen	sum-
mary	 statistics	 were	 retained	 after	 removing	 correlated	measure-
ments	 (Supporting	 Information	 Figure	S1,	 Table	S2).	 All	 observed	
summary	statistics	were	within	the	95%	quantiles	of	the	simulated	
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Scenario P- value Marginal density
Bayes factor
Sc. 1 Sc. 2 Sc. 3 Sc. 4 Sc. 5 Sc. 6 Sc. 7 Sc. 8
Sc.	1 0.42 308.1 — 0.05 0.66 0.75 3.31 0.08 0.09 2.16
Sc.	2 0.67 5627.8 18.27 — 12.06 13.75 60.45 1.41 1.69 39.38
Sc.	3 0.56 466.5 1.51 0.08 — 1.14 5.01 0.12 0.14 3.26
Sc.	4 0.38 409.2 1.33 0.07 0.88 — 4.40 0.10 0.12 2.86
Sc.	5 0.52 93.1 0.30 0.02 0.20 0.23 — 0.02 0.03 0.65
Sc.	6 0.82 3993.2 12.96 0.71 8.56 9.76 42.89 — 1.20 27.94
Sc.	7 0.69 3324.4 10.79 0.59 7.13 8.12 35.71 0.83 — 23.26
Sc.	8 0.42 142.9 0.46 0.03 0.31 0.35 1.53 0.04 0.04 —
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common	ancestor	with	Creole	breeds	in	the	recent	past.	However,	
obtaining	 exact	 parameter	 estimates	 can	 be	 complex	 (Gray	 et	al.,	



















tions	 in	gene	 flow	between	herds	and	 the	 start	of	breed	 forma-
tion	 (MacLeod,	Larkin,	Lewin,	Hayes,	&	Goddard,	2013;	Taberlet	
et	al.,	2011),	as	well	as	the	replacement	of	Creole	populations.	The	




demographic	 trajectories	 may	 correspond	 to	 relatively	 ancient	
branches	 such	 as	 Black	 Iberian	 for	 Lidia	 and	Cárdena	Andaluza,	
Cantabrian	 for	Cachena	and	Asturiana	de	 los	Valles,	or	 the	 indi-
vidual	 trajectory	 of	 Mostrenca,	 a	 very	 ancient	 semi-	feral	 breed	
uniquely	 adapted	 to	 the	 seasonally	 inundated	 marshes	 of	 Las	
Marismas	 in	 Andalucia	 (MARM,	 2010).	 Creole	 breeds	 produced	
more	 homogeneous	 demographic	 trajectories,	 apart	 from	 the	
Texas	Longhorn	(Figure	5b).
To	further	 investigate	the	complex,	recent	demographic	trajec-
tories	 NeS	was	 used.	 The	 novel	 NeS	method	 records	 the	 change	
in	 slope	of	 the	 inferred	Ne	 trend	obtained	 from	LD-	based	demog-
raphy	 analysis	 implemented	 in	 SNeP,	 potentially	 offering	 a	 more	






tive	size	before	a	collapse	 to	 the	small	Ne	detected	 in	 the	present	









breeds),	Mostrenca	 expanded	 ~25	 generation	 in	 the	 past,	 as	 well	
as	 Asturiana	 de	 los	 Valles	 in	 recent	 generations	 (~15).	 The	major-
ity	of	Creole	breeds	recorded	overlapping	NeS	patterns	(Figure	6b)	




Prior distributionsa Posterior characteristics
Scale Minimum Maximum Mode Q50 lower Q50 upper Q90 lower Q90 upper
Mutation	rate Log10 0.0001 0.05 0.00214 0.00185 0.00292 0.00143 0.00413
Ne_1 Log10 100 500,000 57,278 10,936 116,464 2,015 343,384
Ne_2 Log10 100 500,000 40,765 8,262 99,131 1,467 32,5147
Ne_ANC Log10 100 5,000 84 61 111 39 167
Ne_Iber Log10 100 50,000 2,577 1,725 3,975 949 7,236
Ne_TXL Log10 10 5,000 638 376 1,157 176 2,515
Ne_Col Log10 10 50,000 755 378 1,622 137 4,676
Ne_SNP Log10 10 5,000 497 356 694 224 1,094
t1b Linear 5 150 36 28 68 11 100
t2b Linear 20 150 89 64 110 36 136
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to	 reflect	 their	 resolution	 of	 temporal	 complexity,	 where	 ABC	
only	 allows	 comparison	 among	 competing	 demographic	 scenarios	
whereas	SNeP	applies	a	single,	model-	free	algorithm	and	 its	appli-
cation	 enables	 the	 inference	of	more	 complex,	 short-	term,	 events	





genetic	variation,	mainly	 related	to	evolutionary	timescale,	 to	 in-
vestigate	 selection	pressures	 enforced	by	 the	new	 tropical	 envi-
ronment	 in	 six	 Creole	 populations,	 five	 of	which	 are	 adapted	 to	
humid	and	hot	conditions	and	one	to	dry	and	hot	conditions.	We	
used	FST,	better	 suited	 to	detect	 signals	 in	 the	more	distant	past	
(Sabeti	 et	al.,	 2006)	 that	 might	 reflect	 the	 zebu	 ancestral	 com-
ponent	 found	 in	 Creole	 populations,	 and	 the	 LD-	based	 XP-	EHH	




Figure	7	 and	 Supporting	 Information	 Figures	S4–S5	 depict	 the	
genomewide	distribution	of	outliers	on	each	autosome	detected	by	
XP-	EHH	and	FST	 scans	 for	 signatures	of	 selection.	The	 total	 num-
ber	of	significant	SNPs	and	windows	identified	per	cluster	is	 listed	
in	 Supporting	 Information	 Tables	S3	 and	 S4.	 Using	 the	 criteria	 of	
contiguous	blocks	of	at	 least	 two	SNPs	from	the	XP-	EHH	analysis	
confirmed	with	more	than	one	Iberian	group,	or	windows	containing	
two	or	more	SNPs	 from	the	FST	analysis	confirmed	with	 the	 three	
Iberian	 groups,	 we	 retrieved	 10–14	 genomic	 regions	 under	 selec-
tion	per	Creole	cluster—two	shared	between	Colombian	and	Texas	
Longhorn	 breeds,	 one	 between	 Colombian	 and	 Senepol	 clusters,	
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Cracker,	Senepol	and	Texas	Longhorn	clusters,	respectively	(Table	4).	
GO	analysis	using	DAVID	produced	a	total	of	12	enriched	functional	




nomic	 components	 (Table	4),	when	 compared	with	 the	 Admixture	
results	 (Table	1).	 Several	 regions	 under	 selection	 in	 Creole	 popu-
lations	 showed	 strong	 deviations	 in	 ancestry	 contributions	 (two	
standard	 deviations—SD—above	 or	 below	 the	 genomewide	 aver-
age,	 see	 Table	4),	 mostly	 detecting	 increases	 in	 the	 zebu	 compo-
nent.	Florida	Cracker	and	Senepol	displayed	higher	proportions	of	









formation	and	stature,	 reproduction	 (including	a	 region	associated	
with	reproduction	traits	in	Tropical	Composite	bulls)	and	heat	toler-
ance	(Table	4).
The	 region	 in	 BTA20	 shared	 by	 Colombian	 (region	 #11)	 and	
Senepol	(region	#33)	populations	showed	signals	of	selection	with	
the	XP-	EHH	analysis	and	demonstrated	a	strong	 increase	 in	zebu	
ancestry	of	 38%	 (more	 than	6	SD)	 in	Colombian	breeds	 and	45%	
(almost	4	SD)	 in	Senepol	 (Table	4),	 implying	that	zebu	haplotypes,	
otherwise	representing	a	small	proportion	genome	wide,	are	under	
strong	 selection	 in	 this	 region	 and	 that	 anthropogenic	 selection	




et	al.,	 2015),	 and	WDR70 and NIPBL	 are	 involved	 in	 DNA	 repair	
processes,	highly	conserved	in	nature	to	remove	or	tolerate	DNA	
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milk	 traits,	 mastitis,	 feed	 intake,	 meat	 attributes,	 reproduction	




coat	 is	 characterized	 by	 sleek,	 short	 hair	 coupled	with	 increased	
perspiration.	 The	 sleek	 and	 shiny	properties	of	 this	 coat	may	 re-

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Colombian breeds - IB1
 Florida Cracker - IB1
Senepol - IB1
Texas Longhorn - IB1
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14  |     PITT eT al.
and	hair	weight	per	unit	surface	increase	heat	loss	via	convection	
and	conduction.	As	a	result,	slick	animals	show	lower	temperature	
and	 respiration	 rates	 and	 an	 increased	production	under	 tropical	
conditions	 when	 compared	 with	 normal-	haired	 individuals	 (see	
Flori	 et	al.,	 2012	 for	 a	 review).	 Several	 studies	 have	 associated	 a	
region	 in	BTA20	 to	 this	 phenotype	 and	 suggested	 different	 can-




others	 studies	 (37–40	Mb),	with	 the	most	 significant	 SNPs	 peak-
ing	around	the	GDNF	gene	both	 in	Senepol	breed	and	Colombian	
group,	which	 included	 the	Romosinuano	breed	 (Figure	8,	Table	4,	
Supporting	 Information	 Table	S3).	 A	 possible	 explanation	 for	 the	
lack	of	complete	overlap	with	other	studies	may	be	 the	 inclusion	
in	 the	analyses	 for	 the	 first	 time	of	 the	 Iberian	populations	 shar-
ing	a	common	ancestor	with	Creole	cattle	in	the	recent	past.	The	
candidate	 gene	 for	 the	 slick	 phenotype	 identified	 here,	 the	 glial	
cell-	derived	 neurotrophic	 factor	 (GDNF),	 has	 important	 roles	 in	
skin	homeostasis,	 is	 involved	 in	 the	migration	and	differentiation	
of	melanocytes	and	 shows	a	 strong	expression	 in	 sebaceous	and	
sweat	 glands	 (Adly,	 Assaf,	 Pertile,	 Hussein,	 &	 Paus,	 2008).	 It	 is	










KEGG pathway Genes p- value Fold enrichment
Florida	Cracker	(CRK)
bta05031:	Amphetamine	addiction GRIN1, SLC18A2, CAMK2D 0.007 22.64




IFNAR2, FLT3, LIFR, IFNGR2, IFNAR1 0.002 8.85
bta04630:	Jak-	STAT	signalling	pathway IFNAR2, LIFR, IFNGR2, IFNAR1 0.004 11.16
bta04620:	Toll-	like	receptor	signalling	pathway IFNAR2, CD80, IFNAR1 0.023 12.04
bta04650:	Natural	killer	cell-	mediated	
cytotoxicity
IFNAR2, IFNGR2, IFNAR1 0.028 10.80
bta04380:	Osteoclast	differentiation IFNAR2, IFNGR2, IFNAR1 0.035 9.43
bta05162:	Measles IFNAR2, IFNGR2, IFNAR1 0.038 9.03
bta05164:	Influenza	A IFNAR2, IFNGR2, IFNAR1 0.056 7.31
bta05168:	Herpes	simplex	infection IFNAR2, IFNGR2, IFNAR1 0.066 6.65
Texas	Longhorn	(TXL)
bta04970:	Salivary	secretion CD38, BST1, LYZ 0.007 21.08
bta04972:	Pancreatic	secretion CD38, BST1, SCTR 0.010 18.23
bta00760:	Nicotinate	and	nicotinamide	
metabolism
CD38, BST1 0.050 36.46
F IGURE  8 Selection	signatures	in	the	BTA20	genomic	region	shared	by	the	Colombian	cluster	(Costeño	con	Cuernos,	Romosinuano,	San	
Martinero)	and	the	Senepol	breed.	Plot	of	−log10(P-	XPEHH)	values	(y-	axis)	around	loci	(x-	axis	in	Mb).	Dots	mark	significant	SNPs
     |  15PITT eT al.
QTL	 in	cattle	so	 far	and	 includes	genes	such	as	C1QTNF7,	 related	








CD38	 are	also	 implicated	 in	salivary	and	pancreatic	secretion	and	




tal	 conditions,	metabolism,	 high	 environmental	 temperatures	 and	
diet.












endocrine	differentiation	 (INSM1),	 cancer	 (RALGAPA2)	or	cell	cycle	
(KIZ).	This	region	has	been	previously	associated	with	QTLs	related	








in	 the	 Colombian	 group	 and	 Florida	 Cracker,	 tuberculosis	 suscep-




differentiation,	and	 responses	 to	viral	diseases	 -	measles,	 influenza	
A,	herpes	simplex-	).	In	addition,	we	found	regions	enriched	for	genes	
associated	with	heat	tolerance,	 including	regulation	of	blood	pres-
sure	and,	 importantly,	 thermoregulation	 in	 lactating	cows	exposed	










Finally,	 we	 have	 also	 validated	 the	 signal	 for	 the	 polled	 locus	
(Flori	et	al.,	2012;	Medugorac	et	al.,	2012)	in	Senepol	(BTA01	region	
#25),	with	both	XP-	EHH	and	FST	methodologies.	This	region	showed	
a	 strong	 zebu	 component	 increase	 of	 47%	 (almost	 four	SD devia-
tions	 above	 the	 genome	mean).	None	of	 the	 previously	 described	
polled	mutations	are	 located	 in	known	coding	 regions.	Within	our	
candidate	 region,	 the	most	 significant	 SNPs	 peaked	 around	 three	
genes,	GART,	DNAJC28 and TMEM50B,	 none	of	 them	with	 a	 clear	
role	in	polledness	ontogenesis.	The	key	immune	functions	displayed	
by	 several	 genes	 in	 this	 region	 (IFNAR2,	 IFNGR2,	 IFNAR1;	Table	4),	
which	could	be	important	in	responses	against	tropical	diseases	and	
parasite	infections,	may	distort	the	signal	from	the	polled	locus.
Although	FST-	 and	 LD-	based	methodologies	 are	widely	 used,	
there	 are	 other	 possible	 factors	 apart	 from	 selection	 that	 may	
mimic	the	signals	obtained,	such	as	demographic	events	(e.g.,	the	









(Makina	 et	al.,	 2015;	 Porto-	Neto	 et	al.,	 2014),	 including	 tropi-
cal	 adaptation,	 reported	 the	 slick	hair	 coat	 and	QTLs	 associated	
with	 tick	 resistance,	 heat	 tolerance	 and	 reproduction	 in	 tropical	
populations.






adaptation	 to	 their	 new	 tropical	 environments	 (e.g.,	 for	 slick	hair	
coat	genes	improving	thermotolerance),	Creole	cattle	have	recently	
undergone	 a	major	 decline	 and	will	 require	 genetic	 conservation	
measures	if	they	are	to	continue	to	thrive.	The	outcomes	from	this	
study	will	contribute	to	the	design	of	innovative	breeding	schemes	
that	will	 include,	 apart	 from	 traditional	 performance	 traits,	 resil-
ience	 biomarkers,	 allowing	 sustainable	 production	 in	 harsh	 envi-
ronments	 and	 improving	 sanitary	 conditions	 in	 farms	 under	 the	
ongoing	climate	changes.
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